The effects of repeated infection with Opisthorchis viverrini on liver lesion development in male and female Syrian hamsters were investigated over a 1-yr period. Ten monthly intragastric applications of 50, 25, 13, or 0 parasite metacercariae resulted in pronounced proliferative and inflammatory lesions involving the first-and second-order ducts in response to the presence of adult worms. Despite the development of small numbers of putative preneoplastic areas of cholangiofibrosis and morphologically altered hepatocellular foci, no neoplastic lesions were evident at sacrifice after 1 yr. The results thus suggest that parasite infestation is itself not strongly carcinogenic if at all but, rather, that it exerts a marked promoting influence on cholangiocellular and hepatocellular tumor development in the hamster via chronic irritation and increased cell turnover.
INTRODUCTION
In the northeast region of Thailand, the association between infestation of the liver fluke parasite Opisthorchis viverrini (OV) and the observed very high incidence of intra-and extrahepatic cholangiocellular carcinomas has long attracted attention (6) . This appears similar to the situation for Clonorchiasis (12, 17) . An impressive body of epidemiological evidence has now built up linking Opisthorchiasis, due to consumption of contaminated fish (11) , to bile duct cancer in humans (7, 30) . This is supported by findings from an animal model using the Syrian hamster, in which proliferative and inflammatory changes similar to those observed in humans (8) result from infestation with active metacercariae (5) . Thus, application of the hepatocarcinogen dimethylnitrosamine to infected hamsters was first demonstrated to give yields of cholangiocellular tumors far in excess of those achieved in normal animals (35) . Subsequent studies have revealed dose dependence for lesion induction in terms of both carcinogen and infestation levels (36) . However, it remains un-clear whether or not the parasite influence is limited to an enhancing effect on carcinogen-initiated populations or whether or not the OV flukes can themselves exert complete carcinogenic potential, possibly involving mutagenic secretion or reaction products. For example, endogenous formation of nitrosamines from nitrite and nitrates in activated Kupffer cells (15) within parasitic granulomas cannot be ruled out. The present investigation was performed to determine whether or not very heavy infestations of male and female hamsters, achieved by repeated exposure to metacercariae, as is normal in the human situation, might bring about appreciable cancer development in the long term without any application of hepatocarcinogen.
MATERIALS AND METHODS
Cypriniod fish harboring metacercarial cysts were purchased from market places in towns of northeastern Thailand. The muscles from the base of the pectorial fins and tail, as well as the fins and tails themselves, were removed and digested in pepsin solution overnight at 37°C. The whole digested content was then filtered, washed, and resedimented several times. Metacercarial cysts of Science, Bangkok) aged 6-8 wk at the commencement were maintained 5 to a cage in a temperature-controlled room at 24°C. They were fed on stock diet (Zuellig, Gold Coin Mills PTE. Ltd., Singapore) and tap water ad libitum throughout the experimental period. The animals were divided into 4 groups for each sex (see Table I ), and given 50, 25, 13, and 0 OV metacercariae, respectively, by intragastric tube, monthly, for 10 mo from the commencement. The animals were then maintained on After complete autopsy, the liver and other organs were removed and fixed in 10% buffered formalin or icecold acetone and embedded in paraffin. Sections cut at 4 jjbm were stained with hematoxylin and eosin as well as Alcian blue/periodic acid Schiff for mucins. Histopathologically diagnosed lesions were divided into reactive and preneoplastic/neoplastic categories as described earlier (36 
RESULTS
During the experimental period, a number of hamsters became moribund and died due to the parasite infestation. Those that could be autopsied were included in the effective numbers, the relevant data being listed in Table I along with the histopathological findings for the different groups of hamsters. All animals receiving metacercariae were characterized by extensive bile duct proliferation and biliary cirrhosis, these reactive changes being slightly less prevalent in the groups receiving least flukes (Fig. 1 ). Polycystic lesions, composed of extremely flattened ductular epithelium, were more common in the males and, while clearly being proliferative in origin, demonstrated only rare mitoses. Areas of acute and chronic cholangitis were characterized by proliferating cuboidal epithelium with invasion of the connective tissue, respectively, by polymorphs and lymphocytes and plasma cells. Hyperplasia of main duct cells, demonstrating clear mitotic activity, associated sometimes with mucinous metaplasia, periductal fibrosis, and chronic inflammatory changes were more common in animals receiving most flukes. Other reactive lesions included granuloma formation around fluke debris or eggs in hamsters receiving large numbers of metacercariae (Fig. 2) .
With regard to preneoplastic lesions, these were limited to small numbers of clear cell and basophilic hepatocellular foci in males treated with 50 or 25 metacercariae and cholangiofibrotic lesions, characterized by high cuboidal to columnar epithelial cells, little stroma and inflammation, intestinal metaplasia, and cellular atypia, in the 50 metacercariae male and female groups and in 1 male given 25 metacercariae repeatedly.
Neither reactive nor preneoplastic lesions were observed in the untreated controls.
Epithelial cells of the bile duct system of infected animals demonstrated significantly higher BrdU LIs as compared to those of noninfected controls, along with the preneoplastic cholangiofibrosis but not cystic lesions (Table II). In addition, BrdU LIs in hepatocytes and altered hepatocellular foci were higher in infected animals.
DISCUSSION
The present experiment showed that even repeated application of large numbers of OV, resulting in very heavy levels of infestation, is itself insufficient for induction of neoplastic lesions in Syrian hamsters within 1 yr. Con- *, **, and *** Significantly different from the relevant control values at p < 0.05, p < 0.01, and p < 0.001, respectively. sidering the rapidity with which cholangiocellular carcinomas develop under the combined influence of limited chemical carcinogen exposure and far fewer numbers of parasites (10, 34, 35, 37) , this might indicate that the flukes themselves do not exert complete carcinogenicity, although International Agency for Research on Cancer (IARC) has evaluated OV infection to be carcinogenic to humans (14) . This is a very difficult point, and while the present result could be interpreted as pointing solely at a promoting effect due to chronically increased proliferation in the risk populations without at least, under the present conditions, significant endogenous generation of nitrosamines, this cannot be considered to be absolute. In the human situation, whether or not an initiating influence is included might be irrelevant given the higher levels of nitrite and nitrate excretion in the saliva and urine of northeastern Thai people in the endemic area of OV infection than have been reported elsewhere (34) . Administration of aminopyrine and nitrite is known to induce large yields of liver lesions in Syrian hamsters, presumably because of dimethylnitrosamine generated in acid conditions of the stomach (38) . The situation is, furthermore, complicated by possible aflatoxin consumption ir the diet in Thailand (33) .
The lack of persistent mitotic activity or cellular atypia observed for duct cells in areas of biliary cirrhosis anc in cystic structures would suggest that these lesions arc not directly involved in the generation of malignant duc tumors, in contrast to the actively proliferating areas o cholangiofibrosis, in agreement with earlier results re garding histogenesis (4, 27) . While the presence of thl ater preneoplastic lesions in infected hamsters might no be direct evidence of any initiating potential on the pai of the flukes or their secretions, they could indicate eithe endogenous production of carcinogens or some othe source of spontaneous initiation. The finding that putativ preneoplastic hepatocellular foci are commonly observe in rats without obvious exposure to carcinogens (32) i of interest in this context. The fact of massive proliferz tion in the groups given repeated doses of metacercaria might be considered as sufficient promotion stimulus t account for the development of preneoplastic lesior from &dquo;spontaneously&dquo; initiated cells. On the other hanc Oshima et al (29) found hamsters infected with OV t have increased biosynthesis of nitrosamine and nitric o)
ide. Furthermore, mice infected with Schistosoma mansoni demonstrate increased levels of 06-methyldeoxyguanosine in the liver (3). In both experimental animals and humans, a clear association between chronic bile duct/hepatocellular proliferation and tumor development in the liver has been documented. For example, in the human case, in addition to the link between alcoholic or viral hepatitis and hepatocellular carcinoma (HCC) development (16), ulcerative colitis (1), intrahepatic cholangitis (9, 39) , and proliferation associated with Salmonella typhi (22) have been indicated to predispose for intrahepatic bile duct cancer. In hamsters, cholangiocellular carcinomas can also be 3idly induced under proliferative conditions caused bỹ tary modulation (26) . A role for primary biliary cirosis has also been suggested for human HCCs (21) . irthermore, HCCs develop in association with heredi--y hepatitis in rats (20) as well as with chronic Schiswmiasis japonicum infestation, alone (2) or after acelaminofluorene (25) in mice, and also in humans (18) .
iese are presumably analogous to the Opisthorchiasis uation.
In all these cases, however, it seems unlikely that pro-'eration alone is responsible for the neoplastic devel--iment but rather, as in Thailand, that carcinogen presence in the environment (23), either exogenous or endogenous (24) , is required. Any parasite-associated generation of carcinogens could be included in either category. Thus, control measures should be aimed at reducing both proliferative-enhancing and carcinogen-initiating processes (31) .
